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SUBJECT: Examination of the Efficiencies DATE: February 23, 1968 

Washington, D. C. 20036 
I 

Possible in the AAP Medical Ex- 
periment Program. Case 630. FROM: R. E. McGaughy 

TECHNICAL MEMORANDUM 

I. INTRODUCTION 

In planning astronaut activities for specific mis- 
sions, conflicts inevitably arise between scientific disci- 
plines for experiment time. To create a meaningful flight 
program, the individual experiments must be made more effi- 
cient and the entire program must be integrated to eliminate 
duplicated measurements. 

The Apollo Applications Program 3, 4 mission is a 
good example of s u c h  a conf’lict. Prior to the introduction 
of the 3a flight, the AAP 3, 4 mission included the first 56- 
day manned mission as well as the first flight of the Apollo 
Telescope Mount (ATM). Preliminary time-line analyses of 
this flight showed a strong competition between medical and 
ATM experiments, particularly for operations requiring two 
astronauts simultaneously. 

This memorandum examines the medical experiments 
which have been assigned by the Apollo Applications Program 
Office to flights 3 and 4 from the point of view of increased 
time efficiency. The information for this analysis comes from 
two sources: (1) the most recent Experiment Implementation 
Plans (EIP), forms 1347, and their respective time-lines, dated 
variously from April to June, 1967; and (2) the AAP time-line 
presentation to C. W. Matthews by MSC and MSFC on November 1, 
1967. For each experiment which is considered, its objectives, 
description and rationale, as stated in its EIP, are summa- 
rized, along with the astronaut time which it requires. 

After discussing the individual experiments, we then 
carefully examine the astronaut time spent on medical exper- 
iments and show how t h e  program might be made more efficient 
under four distinct assumptions of increasing severity: (a) 
the individual experiment could be made more efficient without 
compromising its objectives, Cb) separate experiments could 
be combined into single operations without changing the in- 
formation acquired, (e) parts of the proposed experiments could 
be eliminated with a large time savings but small information 
l o s s  and Cd) the experiments can be partially converted from 
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two-man t o  one-man o p e r a t i o n s .  The adequacy o f  each  e x p e r i -  
ment i n  mee t ing  i t s  s t a t e d  o b j e c t i v e s  i s  d i s c u s s e d ,  and  some 
s u g g e s t i o n s  are  made conce rn ing  m e d i c a l  q u e s t i o n s  n o t  covered  
by t h e  c u r r e n t  s e t  o f  expe r imen t s .  

I n  o r d e r  t o  show rough ly  how t h e  a s sumpt ions  a t o  d 
above a f f e c t  a s t r o n a u t  experiment  t i m e ,  t h e  t o t a l  number o f  
hour s  devo ted  t o  med ica l  exper iments  f o r  t h e  e n t i r e  m i s s i o n  
i s  summarized i n  Tab le  I f o r  each  expe r imen t  and each  assump- 
t i o n .  Although these  numbers are u s e f u l  as a f i r s t  es t imate  
o f  t h e  impact  of t h e  v a r i o u s  a s sumpt ions  on t h e  f l i g h t  as a 
whole,  t h e y  a re  n o t  i n t ended  as s t r i c t  g u i d e l i n e s  f o r  time- 
l i n e  a n a l y s i s  because  t h e  c o o r d i n a t i o n  o f  t h e  med ica l  expe r -  
imen t s  w i t h  each  o t h e r  and w i t h  t h e  ATM expe r imen t s  i n v o l v e s  
more t h a n  j u s t  t o t a l  exper iment  t ime .  Smal l  b l o c k s  o f  t i m e  
s aved  on i n d i v i d u a l  exper iments  o f t e n  canno t  b e  used  for any 
o t h e r  u s e f u l  pu rpose .  The re fo re ,  t h i s  memorandum r e p r e s e n t s  
o n l y  t h e  f i r s t  s t e p  i n  t h e  i n t e g r a t i o n  o f  s e p a r a t e  expe r imen t s  
i n t o  a meaningfu l  f l i g h t  program. 

11. 

A. . 

DISCUSSION OF I N D I V I D U A L  EXPERIMENTS AS CURRENTLY PRO- 

POSED I N  THE MOST RECENT EXPERIMENT IMPLEMENTATION PLANS 

~01.8 Vec to rca rd iog ram - ( V C G )  

1. 0b . i ec t ives  

The  o b j e c t i v e  i s  t o  d e t e c t  changes i n  e l e c t r i c a l  
a c t i v i t y  of t h e  hea r t  and changes i n  i t s  p o s i t i o n  w i t h i n  t h e  
body w a l l  as f u n c t i o n  of time under  s p a c e  f l i g h t  c o n d i t i o n s .  

2 .  R a t i o n a l e  -- 

Most of t h e  d e g e n e r a t i v e  changes which t h i s  impor- 
t a n t  o rgan  c o u l d  undergo i n  t h e  s t r e s s  o f  s p a c e  f l i g h t  are 
immedia t e ly  r e f l e c t e d  i n  the  V C G .  

3 .  D e s c r i p t i o n  

VCG da ta  w i l l  be  r e c o r d e d  on t h r e e  c i - anne l s  ( +  v o i c e  
c h a n n e l )  of  t h e  b iomed ica l  t a p e  r e c o r d e r  b e f - r e ,  d u r i n g  and 
a f t e r  a 3-minute p e r i o d  o f  e rgomete r  e x e r c i s e .  This i s  t o  b e  
done d a i l y  on each  a s t r o n a u t  o r  4 0  times p e r  s u b j e c t  d u r i n g  
AAP 3 ,  4 .  Each t e s t  r e q u i r e s  a n  o b s e r v e r  and a s u b j e c t  and 
l a s t s  40  m i n u t e s .  About t e n  minu tes  i s  needed t o  a p p l y  t h e  
e l e c t r o d e s  and f i v e  minutes  t o  remove them. F o r  a t o t a l  o f  
19 minu tes  d u r i n g  each  measureinent, t h e  o b s e r v e r ' s  on ly  t a s k  
i s  t o  make s u r e  t h e  da ta  i s  b e i n g  r e c o r d e d  p r o p e r l y .  
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measurements a r e  a d e q u a t e  t o  accompl ish  t h e  
exper iment  o b j e c t i v e s ,  a l though  f o r  c l e a n e r  data- i n t e r p r e t a -  
t i o n  ( o f  t h e  hea r t  p o s i t i o n )  t h e  P I  would l i k e  to r e c o r d  
r e s p i r a t i o n  c o n t i n u o u s l y .  

B. M050 M e t a b o l i c  Cos t s  o f  I n f l i g h t  Tasks 

1. O b j e c t i v e s  

Pr imary q u e s t i o n s  a re :  (1) i s  man's m e t a b o l i c  e f -  
f i c i e n c y  i n  d o i n g  mechanica l  work p r o g r e s s i v e l y  a l t e r e d  i n  t h e  
s p a c e  envi ronment  and ( 2 )  does t h e  m e t a b o l i c  c o s t  of do ing  a 
s t a n d a r d  t a s k  depend upon t h e  p r e s e n c e  of g r a v i t y ?  Secondary 
o b j e c t i v e s  are (1) t o  e v a l u a t e  ground-based r e d u c e d - g r a v i t y  
s i m u l a t o r s ,  ( 2 )  t o  e v a l u a t e  t h e  b i c y c l e  ergometer as a n  ex- 
e r c i s e r  f o r  l o n g - d u r a t i o n  mis s ions  and ( 3 )  t o  d e t e r m i n e  t h e  
d i f f e r e n c e  i n  m e t a b o l i c  c o s t  of work between s u i t e d  and non- 
s u i t e d  work i n  a zero-g environment .  

2. R a t i o n a l e  

I n  o r d e r  t o  d e s i g n  l i f e - s u p p o r t  s y s t e m s  and p l a n  
l o g i s t i c  r e - supp ly  a c t i v i t i e s ,  it i s  n e c e s s a r y  t o  know t h e  n e t  
02 and food  i n t a k e  and t h e  C02 and heat  o u t p u t  o f  t h e  a s t r o -  
n a u t  d u r i n g  s p a c e  f l i g h t  a c t i v i t i e s .  I t  i s  a l s o  i m p o r t a n t  t o  
know whether  t h e r e  are any me tabo l i c  l i m i t a t i o n s  t o  t h e  dura-  
t i o n  of manned m i s s i o n s .  This i n f o r m a t i o n  canno t  b e  o b t a i n e d  
f rom ground-based s t u d i e s  because zero-g  c o n d i t i o n s  change t h e  
e f f o r t  r e q u i r e d  t o  per form any t a s k .  I n  a d d i t i o n ,  t h e  low am- 
b i e n t  p r e s s u r e  o f  t h e  s p a c e c r a f t  changes t h e  work r e q u i r e d  t o  
b rea the .  

3. D e s c r i p t i o n  

The a s t r o n a u t ' s  me tabo l i c  r a t e  w i l l  b e  measured dur-  
i n g  r e s t ,  c a l i b r a t e d  e rgometer  e x e r c i s e  and a s t a n d a r d  task  
which i s  performed b o t h  i n  an  i n f l a t e d  s u i t  and u n s u i t e d .  The 
f o l l o w i n g  measurements are  r e q u i r e d  d u r i n g  t h e  t e s t s :  0 2  cdn- 
sumpt ion ,  C02 p r o d u c t i o n ,  h e a r t  r a t e ,  r e s p i r a t i o n  r a t e  and  body 
t e m p e r a t u r e .  I n  a d d i t i o n  i t  i s  n e c e s s a r y  t o  measure l u n g  vo l -  
umes p e r i o d i c a l l y  throughout  t h e  f l i g h t .  The hear t  r a t e  i s  t o  
b e  measured w i t h  a s i m p l e  s e t  of e l e c t r o d e s  i n v o l v i n g  one re- 
c o r d i n g  channe l .  Body t empera tu re  needs  a second  channe l .  
The p l a n  c a l l s  f o r  t h e  experiment  t o  b e  performed f o u r  times 
f o r  t h e  56-day A A P  3, 4 miss ion .  Each exper iment  i n v o l v e s  
t h ree  r u n s :  ( A )  e rgomete r  e x e r c i s e ,  (B) s t a n d a r d  t a s k s ,  un- 
s u i t e d  and  (C) s t a n d a r d  t a s k  i n  a n  i n f l a t e d  s u i t .  According 
t o  t he  l a t e s t  t ime summary a v a i l a b l e  ( J u n e ,  19671, r u n s  A and 
B r e q u i r e  1.25 hours  and run C r e q u i r e s  1.75 h o u r s ,  t h e  addi-  
t i o n a l  t i m e  b e i n g  r e q u i r e d  for donning and d o f f i n g  t h e  s u i t .  
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Each r u n  r e q u i r e s  b o t h  t h e  s u b j e c t  and a n  o b s e r v e r ,  b u t  t h e  
P I  s t a t e s  t h a t  i t  might b e  p o s s i b l e  t o  e l i m i n a t e  t h e  o b s e r v e r  
i f  t h e  a p p a r a t u s  were c a r e f u l l y  p l a c e d .  However, assuming 
t h e  o b s e r v e r  i s  needed,  t h e  t o t a l  t i m e  r e q u i r e d  f o r  M050 dur-  
i n g  AAP 3,  4 i s  51 hour s  o f  two-man exper iment  time. 

4 .  Adequacy 

I n  view o f  t h e  complexi ty  o f  energy  exchange and 
s t o r a g e  mechanisms i n  w a r m  blooded a n i m a l s ,  i t  i s  des i r ab le  t o  
have  as many measures as p o s s i b l e  o f  m e t a b o l i c  r a t e  i n  o r d e r  
t o  u n d e r s t a n d  how t h e  human body f u n c t i o n s  i n  t h e  s p a c e  e n v i r -  
onment. The exper iment  as p lanned  misses a good o p p o r t u n i t y  
t o  measure t h e  hea t  o u t p u t  o f  a man d u r i n g  a s t a n d a r d i z e d  
task .  This  c o u l d  b e  done by u s i n g  t h e  s p a c e  s u i t  as a c a l o r -  
imeter ,  i . e .  by measur ing  t h e  amount o f  c o o l i n g  r e q u i r e d  t o  
keep  t h e  t e m p e r a t u r e  o f  t h e  s u i t  a tmosphere  c o n s t a n t  w h i l e  
t h e  task  i s  b e i n g  performed.  This cou ld  p robab ly  b e  done 
a u t o m a t i c a l l y ,  e l i m i n a t i n g  any f u r t h e r  demands on  a s t r o n a u t  
t i m e .  With t h e  a d d i t i o n  o f  t h i s  hea t  o u t p u t  measurement,  t h e  
exper iment  would a d e q u a t e l y  accompl ish  i t s  s t a t ed  o b j e c t i v e s .  

C .  M051 I n f l i g h t  Assessment o f  C a r d i o v a s c u l a r  F u n c t i o n  

1. O b j e c t i v e s  

?he o b j e c t i v e  i s  t o  e v a l u a t e  t h e  s t a t e  o f  t h e  c a r d i -  
o v a s c u l a r  sys t em th roughou t  t h e  s p a c e  f l i g h t .  T h i s  i n v o l v e s  
t h e  use  o f  t h e  Lower Body Negat ive P r e s s u r e  t e s t  (LBNP)  as a n  
i n f l i g h t  ana logue  o f  t h e  t i l t  t a b l e  t e s t  o f  c a r d i o v a s c u l a r  
r e f l e x e s .  

2 .  R a t i o n a l e  

The d i s t r i b u t i o n  o f  b lood  th roughou t  t h e  e l a s t i c  
v e s s e l s  of t h e  body i s  c o n s i d e r a b l y  a l t e r ed  i n  a w e i g h t l e s s  
envi ronment .  A s  a r e s u l t ,  t h e  p r e s s u r e  r e g u l a t i n g  s y s t e m ,  
which e n s u r e s  t h a t  t h e  b r a i n ,  muscles  and d i g e s t i v e  s y s t e m  
r e c e i v e  t h e  b lood  supp ly  they need under  v a r y i n g  c o n d i t i o n s ,  
must a d a p t  t o  t h e  w e i g h t l e s s  c o n d i t i o n .  I t  i s  e s s e n t i a l  t o  
t h e  h e a l t h  of  t h e  a s t r o n a u t  t h a t  w e  c o n t i n u o u s l y  mon i to r  t h e  
a b i l i t y  of h i s  c a r d i o v a s c u l a r  s y s t e m  t o  w i t h s t a n d  s i m u l a t e d  
1-g c o n d i t i o n s .  

3 .  D e s c r i p t i o n  

S e v e r a l  c a r d i o v a s c u l a r  p a r a m e t e r s  a re  t o  b e  measured 
i n  r e s p o n s e  t o  t h e  a p p l i c a t i o n  of n e g a t i v e  p r e s s u r e  a p p l i e d  t o  
t h e  lower  h a l f  o f  t h e  body. ( T h i s  d i s t r i b u t e s  t h e  b lood  p r e f -  
e r e n t i a l l y  t o  t h e  legs  i n  somewhat t h e  same way t h a t  g r a v i t y  
would a c t  when man assumes t h e  u p r i g h t  p o s i t i o n  i n  a 1-g en- 
v i r o n m e n t . )  The parameters  needed a re  b lood  p r e s s u r e ,  hea r t  
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rate (measured via ECG), respiration rate, leg volume and body 
temperature. This LBNP response is to be measured on each 
astronaut every three days inflight. Each experiment requires 
70 minutes for both an observer and a subject. Assuming an 
experiment twice a week for the six weeks available for ex- 
periments in AAP 3, 4, the total experiment time required for 
MO5l is 42 hours. It is required that the observer be a 
physician or physiologist with experience in cardiovascular 
physiology. 

4. Adequacy 

The measurements are sufficiently well planned to 
meet the experiment's cbjectives. 

D. M053 Human Vestibular Function 

1. Objectives 

The objectives are to find out (1) whether or not 
the semi-circular canals change their sensitivity and (2) 
whether the astronaut's perception of space is altered when 
he is exposed to the zero-g environment for extended periods 
of time. 

2. Rationale 

The availability of a zero-g environment gives us 
the opportunity to assess the contribution of the gravity re- 
ceptor (otolith) to our sense of spatial orientation, and to 
ascertain whether there are any interactions between o u r  sense 
of angular acceleration (mediated by semi-circular canals) and 
gravity. This information cannot be obtained from ground- 
based studies. The subjective, unsystematic experience gained 
in the 14-day Gemini flight has indicated no spatial orienta- 
tion problems, but longer missions might reveal some. 

3. Description - 

The experiment consists of two parts: (1) evaluation 
of the sensitivity and susceptibility of the sense of angular 
acceleration and (2) tests of spatial localization using vis- 
ual and proprioceptive (limb position) senses. In part (la) 
the threshold for perception of angular acceleration is meas- 
u r e d  by decelerating a slowly rotating chair in which the 
blindfolded astronaut is sitting. As the deceleration is in- 
creased from zero, the subject reports the minimum amount which 
he can detect. This test requires nine minutes for a subject 
plus observer. Part (lb) involves tilting the subject's head 
while his chair rotates at gradually increasing speeds until 
the subject perceives the threshold of a slight malaise condi- 
tion. This test requires 18 minutes f o r  the subject plus 
observer. 
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P a r t  ( 2 a )  t e s t s  f o r  s p a t i a l  l o c a l i z a t i o n  w i t h  two 
measurements:  (1) t h e  v i s u a l  a d j u s t m e n t  of a l i n e  s e e n  i n  
s p e c i a l  gogg les  t o  t h e  p e r c e i v e d  h o r i z o n t a l  d i r e c t i o n , *  and 
( 2 )  t h e  manual p lacement  o f  a p o i n t e r  t o  t h e  v e r t i c a l  a x i s  
o f  a hand-held s p h e r e .  These measurements a re  performed w i t h  
t h e  c h a i r  i n  a n  u p r i g h t  and i n  two t i l t  p o s i t i o n s  ( fo rward  
and backward) and r e q u i r e s  43 minu tes  of  exper iment  t i m e .  
P a r t  ( 2 b )  r e p e a t s  t h e  same measurements w i t h  t h e  s u b j e c t  
s t a n d i n g  and r e q u i r e s  36 minu tes .  P a r t  1 i s  t o  b e  r u n  s i x -  
t e e n  times d u r i n g  t h e  AAP 3 ,  4 m i s s i o n  f o r  a t o t a l  o f  21 .6  
h o u r s  o f  two-man exper iment  t i m e ,  and p a r t  2 i s  t o  b e  r u n  
e i g h t  times i n f l i g h t  f o r  a t o t a l  o f  3 1 . 6  h o u r s .  

4 .  Adequacy 

The exper iment  as proposed  i s  a d e q u a t e  t o  accompl i sh  
i t s  s t a t e d  o b j e c t i v e s .  

111. TIME EFFICIENCIES POSSIBLE UNDER A SET OF ASSUMPTIONS 
OF INCREASING SEVERITY 

A .  I n d i v i d u a l  Experiments  _______-- Made More E f f i c i e n t  

1. ~ 0 1 8  - Vec to rca rd iog ram 

The e f f i c i e n c y  of ~ 0 1 8  can  b e  improved b y  r e d u c i n g  
t h e  t i m e  r e q u i r e d  t o  a t t a c h  and remove t h e  e l e c t r o d e s  each  
t i m e  t h e  exper iment  i s  r u n .  This can  b e  done b y  e i t h e r  d e v e l -  
o p i n g  e l e c t r o d e s  which remain i n t a c t  f o r  s e v e r a l  days o r  b y  
u s i n g  e l e c t r o d e s  which c a n  b e  a t t a c h e d  r a p i d l y  b e f o r e  each  
e x p e r i m e n t .  

2 .  M050 Metabo l i c  Cos ts  of I n f l i a h t  Tasks  

I f  t h e  phases  o f  t h i s  exper iment  were s c h e d u l e d  
e f f i c i e n t l y ,  some s e t - u p  and tear-down t i m e  would b e  s a v e d .  
C o n s i d e r  one c y c l e  of  t h e  expe r imen t ,  where t h e  t h r e e  r u n s ,  
( A ) ,  ( B ) ,  and ( C )  are performed on each  o f  t h e  t h r e e  a s t r o -  
n a u t s .  If a g i v e n  day were d e v o t e d  t o  a p a r t i c u l a r  r u n ,  and 
t h e  t h r e e  s u b j e c t s  were t e s t e d  c o n s e c u t i v e l y ,  t h e n  t h e  appa- 
r a t u s  need on ly  b e  s e t  up and s towed away once ,  i n s t e a d  o f  
t h r e e  t imes .  This would save  a b o u t  20 minutes  of exper iment  
t i m e  f o r  each  A r u n  and 43 minu tes  for t h e  B and C r u n s .  

The t i m e - l i n e s  f o r  r u n s  B and C ( s t a n d a r d  t a s k  r u n s )  
show no e n t r i e s  f o r  a t t a c h i n g  any E C G  e l e c t r o d e s .  T h i s  may 
imply  t h a t  t h e  same s u b j e c t ,  w i t h  h i s  e l e c t r o d e s  a l ready  a t -  
t a c h e d ,  i s  t o  per form t h e  3 r u n s  on t h e  same d a y .  A l t e r n a -  
t i v e l y ,  i t  may imply t h a t  h e a r t  r a t e  da t a  a r e  not  needed f o r  

* measured w i t h  r e s p e c t  t o  t h e  f l o o r  o f  t h e  h a b i t a b l e  area i n  
t h e  S-IVB. 
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t h e  s t a n d a r d  tasks r u n s .  N e i t h e r  a l t e r n a t i v e  i s  desirable 
i n  a c c o m p l i s h i n g  t h e  exper iment  o b j e c t i v e s ,  s i n c e  heart  ra te  
data i s  n e c e s s a r y  f o r  t h e  exper iment  and  t h e  per formance  o f  
s t a n d a r d  tasks would be impa i red  b y  t h e  e x e r c i s e  r e q u i r e d  i n  
p a r t  A .  I n  o u r  a n a l y s i s ,  we have  i n c l u d e d  t h e  t i m e  r e q u i r e d  
t o  a t t a c h  t h e  E C G  e l e c t r o d e s .  

3. MO5l I n f l i g h t  Assessment o f  C a r d i o v a s c u l a r  F u n c t i o n  

If t h e  expe r imen t  were done on  a l l  t h r e e  a s t r o n a u t s  
on  t h e  same d a y ,  two s e t  up and two tear-down times would b e  
e l i m i n a t e d .  This would amount t o  a b o u t  20 minu tes  of  e x p e r i -  
ment t i m e  s aved  f o r  t he  day 's  r u n .  It i s  i m p o s s i b l e  t o  e l i m -  
i n a t e  t h e  o b s e r v e r  f o r  t h i s  expe r imen t .  

4. M053 Human V e s t i b u l a r  F u n c t i o n  

The se t -up- t ime and take-down-time t h a t  would b e  
saved  b y  pe r fo rming  a g i v e n  exper i inent  on a l l  t h r e e  a s t r c n a u t s  
on t h e  same day  i s  as f o l l o w s :  

a .  P a r t  1: 5 minutes  f o r  each  expe r imen t ,  
o r  1 h o u r  and 20 minutes  saved  for A A P  
3, 4 m i s s i o n .  

b .  P a r t  2:  no t i m e  can  b e  s aved .  

B. SeDarate ExDeriments Combined 

The e n t i r e  s e t  of v e c t o r c a r d i o g r a m  measurements de- 
s c r i b e d  i n  ~ 0 1 8  are a lmos t  comple t e ly  d u p l i c a t e d  i n  M050 (Met- 
a b o l i c  Cos t s  on  I n f l i g h t  T a s k s ) ,  p r o v i d i n g  t h e  F l n c t v c d e s  
used  for MO5O are  p l a c e d  and connec ted  a c c o r d i n g  t o  t h e  Frank  
l ead  s y s t e m .  T h i s  r e q u i r e s  t h r e e  c h a n n e l s  o f  ECG data  r a t h e r  
t h a n  t h e  one c h a n n e l  o r i g i n a l l y  r e q u i r e d  f o r  M050. It s h o u l d  
b e  p o i n t e d  o u t  t h a t  i f  MO5O i s  mod i f i ed  as s u g g e s t e d  here ,  s i x  
data  c h a n n e l s  w i l l  b e  needed -- th ree  f o r  ECG and one each  
for r e s p i r a t i o n  r a t e ,  body t e m p e r a t u r e  and v o i c e .  If a n  addi-  
t i o n a l  channe l  i s  used f o r  t i m e  ( a  common requ i r emen t  for FM 
t a p e  r e c o r d i n g ) ,  t h e n  a l l  seven c h a n n e l s  of t h e  r e c o r d e r  are 
f i l l e d  up. If t h i s  i s  u n a c c e p t a b l e  for some r e a s o n ,  t h e n  
e i t h e r  a n  a d d i t i o n a l  r e c o r d e r  i s  needed or ~ 0 1 8  w i l l  have  t o  
b e  r u n  s e p a r a t e l y  or i n  combinat ion w i t h  M051. 

~ 0 1 8  c o u l d  b e  combined w i t h  p a r t  A o f  M050, s i n c e  
t h e  performance of t h e  l a t t e r  expe r imen t  i s  a lmos t  t o t a l l y  
u n a f f e c t e d  by  t he  minor change i n  e l e c t r o d e s  r e q u i r e d .  T h i s  
would s a v e  80 hours  o f  two-man t i m e  from ~ 0 1 8  and add a b o u t  
f i v e  minutes  t o  each  r u n  of M050 p a r t  A .  I f  E C G  data are  
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needed more often than the four times when part A is scheduled, 
they could be obtained when parts B and C are run. It must 
be emphasized, however, that at present parts B and C involve 
no ergometer exercise, as requested by ~018. 

It is possible to combine ~ 0 1 8  with M051 (Cardio- 
vascular Function) but the impact of this combination would 
be more severe to M051 than the change recommended above. If 
this were done, the experimental procedure of M051 would have 
to be modified to include a period of ergometer exercise, 
plus pre-and-post-exercise rest periods. Since the two stim- 
uli (exercise and LBNP) would be applied consecutively, the 
second operation would be adversely affected by the first 
one. 

Since part C of M050 involves performance of a stand- 
ardized task while suited, it could be done at a time when 
EVA tasks are scheduled for any other purpose. If this were 
done, a separate operation of suit donning and doffing would 
be eliminated. 

C. Elimination of Experiments With a Resulting Small Loss in 
Information 

1. M050 Metabolic Costs of Inflight Tasks 

No part of M050 could be eliminated without inval- 
idating a major portion of the experiment. 

2. MOCjl Inflinht Assessment of Cardiovascular Function 

Assuming that no cardiovascular troubles are found 
during and after AAP 1, 2, the frequency of M051 for AAP 3, 4 
could be reduced from once every three days to once every six 
days at least during the first half of the mission. This would 
save about 10.5 hours of two-man time. The above comment is 
made only on the basis that LBNP is merely a test procedure, 
as implied by the PI. However, it could also be used on one 
or more of the astronauts as an experimental therapeutic device 
which helps maintain the integrity of the cardiovascular sys- 
tem during flight. In this therapeutic experiment, it would 
be logical to use the physician as the control subject (the 
one who is not tested), since he is required to be the observer 
for the other men. If the PI would permit a therapeutic LBNP 
session without measurements of the parameters needed for MO51, 
then for the same 15-minute period of LBNP application, t h e  
time saved per experiment would be 28 minutes out of the 70-  
minute experiment. This time savings is not included in 
Table I. 
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3 .  M053 Human V e s t i b u l a r  F u n c t i o n  

The f r equency  o f  p a r t  1 c o u l d  b e  r educed  from 1 6  
times d u r i n g  t h e  AAP 3,  4 m i s s i o n  t o  e i g h t  times. This  would 
b e  a d e q u a t e l y  f r e q u e n t  t o  meet t h e  expe r imen t  o b j e c t i v e s  s i n c e  
i t  would t h e n  b e  performed j u s t  as o f t e n  as p a r t  2 .  (The P I  
does  n o t  i n d i c a t e  why p a r t  1 s h o u l d  b e  r u n  t w i c e  as o f t e n  as 
p a r t  2 . ) .  
t i m e  d u r i n g  t h e  A A P  3 ,  4 m i s s i o n .  

This would s a v e  10 .8  h o u r s  o f  2-man expe r imen t  

D .  Convers ion  t o  One-Man Experiments  

f e a s i b i l i t y  f o r  one-man o p e r a t i o n  must b e  t h o r o u g h l y  t e s t e d .  
Befo re  any exper iment  i s  attempted i n  f l i g h t ,  i t s  

Using on ly  t h e  t i m e l i n e s  f rom t h e  c o r r e s p o n d i n g  
E I P ,  w e  i n d i c a t e  here  t o  what e x t e n t  t h e  expe r imen t s  c a n  b e  
per formed by  one man. 

1. MO5O Metabo l i c  Cos t s  o f  I n f l i g h t  Tasks 

P a r t  A :  Ergometer Measurements 

The o b s e r v e r  can  b e  e l i m i n a t e d  i f  s u b j e c t  c a n :  

a .  r e a c h  EDS and e rgomete r  c o n t r o l s  f rom b i c y c l e  
e rgomete r  

b .  check f o r  mask l e a k s  

e .  a p p l y  VCG e l e c t r o d e s  ( f r o m  M018) t o  h i s  own 
s k i n  areas 

d .  v e r i f y  p r o p e r  r e c o r d i n g  w h i l e  pe r fo rming  tasks 
(may be  d i f f i c u l t  d u r i n g  e x e r c i s e  f o r  f i r s t  
f e w  days o f  f l i g h t ) .  

With these  a s sumpt ions ,  t ime needed f o r  one man i s  (1) 88.5  
minu tes  t o  s e t  up, r u n  and t ake  down t h e  equipment f o r  each  
t e s t  o r  ( 2 )  if p a r t  A i s  done on t h r e e  a s t r o n a u t s  on t h e  same 
d a y ,  t h e  one-man t i m e  needed f o r  t h e  day  i s  3 . 3  h o u r s ,  o r  
1 3 . 3  hour s  f o r  t h e  A A P  3 ,  4 m i s s i o n .  However, s i n c e  t h e  sub- 
j e c t  may have  d i f f i c u l t y  p l a c i n g  t h e  VCG e l e c t r o d e s  on h i s  
b a c k  a c c u r a t e l y ,  a h e l p e r  w i l l  b e  needed f o r  a t  l e a s t  f i v e  
m i n u t e s  p e r  exper iment  or one h o u r  f o r  t h e  e n t i r e  m i s s i o n .  

P a r t  B :  Unsui ted  Tasks 

The one-man t i m e  needed f o r  p a r t  B i s :  (1) 86 min- 
u t e s  t o  s e t  up,  r u n  and t a k e  down t h e  equipment f o r  each  t e s t  
o r  (2) i f  p a r t  B i s  done on t h r e e  s u b j e c t s  p e r  d a y ,  t h e  t i m e  
needed  p e r  day  i s  4 . 7 5  hours  o r  19 hours  f o r  t h e  m i s s i o n .  
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Par t  C :  S u i t e d  Tasks 

The f o l l o w i n g  comments a p p l y  o n l y  when EVA tasks are  

The one-man t i m e  needed t o  s e t  up t h e  equipment ,  
don s u i t ,  r u n  the expe r imen t ,  d o f f  s u i t  and 
t ake  down t h e  equipment i s  3 .1  h o u r s .  

n o t  s c h e d u l e d  wi th  p a r t  C ,  as s u g g e s t e d  on page 8 .  

1. 

2.  I f  p a r t  C were r u n  t h r e e  times i n  one d a y ,  
t h e  t o t a l  one-man t i m e  p e r  day  i s  6 . 1  h o u r s ,  
o r  2 4 . 4  hours  f o r  t h e  m i s s i o n .  

I t  may n o t  b e  p o s s i b l e  a t  f i r s t  f o r  one man t o  do 
t h e  tasks o f  M050 p a r t  B and C and mon i to r  t he  i n s t r u m e n t s  a t  
t h e  same t i m e .  T h e r e f o r e ,  we s h o u l d  n o t  p l a n  t o  make t h i s  a 
one-man expe r imen t  f rom the  b e g i n n i n g  of  t he  m i s s i o n .  

S i n c e  p a r t s  B and  C i n v o l v e  t h e  same tasks ,  i t  i s  
p o s s i b l e  t o  r u n  b o t h  parts on t h e  same a s t r o n a u t  on a g i v e n  
day .  T h i s  would s a v e  t h e  t i m e  r e q u i r e d  t o  d i s c o n n e c t  body 
e l e c t r o d e s  and t a k e  down t h e  equipment  between par t s  B and C 
f o r  each  a s t r o n a u t .  This s c h e d u l i n g  would s a v e  more t i m e  
t h a n  t h e  a l t e r n a t e  scheme of r u n n i n g  each  par t  on  a g i v e n  day  
f o r  a l l  t h r e e  a s t r o n a u t s .  However, we r e j e c t  t h e  f i r s t  o p t i o n  
b e c a u s e  pe r fo rming  t h e  same tasks  r e p e t i t i v e l y  would t i r e  and  
b o r e  t h e  a s t r o n a u t  enough t o  i n v a l i d a t e  t h e  r e s u l t s  o f  t h e  
second  t a s k .  

2 .  MO5l I n f l i g h t  Assessment of  C a r d i o v a s c u l a r  F u n c t i o n  

This e n t i r e  exper iment  c a n  n o t  b e  done by  a s i n g l e  
man because  a n  o b s e r v e r  ( p r e f e r a b l y  a p h y s i c i a n )  must b e  p r e s -  
e n t  t o  check t h e  s u b j e c t ' s  c o n d i t i o n  when n e g a t i v e  p r e s s u r e  
i s  a p p l i e d .  The o b s e r v e r  i s  a l so  needed t o  a p p l y  VCG e l e c -  
t r o d e s  t o  t h e  s u b j e c t ' s  back and s t r a i n  gauges t o  h i s  l egs ,  
and  t o  h e l p  e s t a b l i s h  a s e a l  a round h i s  wa i s t .  I t  takes a 
s i n g l e  man f o r t y  minutes  t o  s e t  up and take down t h e  equ ip -  
ment, and two men a re  needed f o r  a b o u t  f i f t y  minu te s  i n  each  
expe r imen t .  This s c h e d u l e  would r e s u l t  i n  24 hour s  o f  one- 
man t i m e  and 30 hours  of two-man t ixe  f o r  t h e  AAP 3 ,  4 m i s s i o n .  

3 .  M053 Human V e s t i b u l a r  Func t ion  

The dynamic t e s t s  ( p a r t l )  canno t  b e  performed w i t h  
o n e  man. The s t a t i c  t e s t s  ( p a r t  2 )  c o u l d  be  per formed w i t h  
one  man o n l y  i f  t h e  da ta  r e c o r d i n g  c o u l d  b e  made a u t o m a t i c .  
Bu t  even  t h e n  t h e  man would have  t o  o b t a i n  t h e  s p h e r e  and 
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p u t  i t  away d u r i n g  t h e  experiment  w i t h o u t  open ing  h i s  eyes  o r  
g e t t i n g  any o t h e r  c l u e s  of s p a t i a l  l o c a t i o n s .  S i n c e  t h i s  would 
b e  d i f f i c u l t  i n  p r i n c i p l e ,  we would t h i n k  a t  t h i s  t i m e  t h a t  
t h e  e n t i r e  M053 expe r imen t  shou ld  b e  c o n s i d e r e d  a two-man op- 
e r a t i o n .  

IV . O N E  AREA NOT COVERED BY THE EXISTING MEDICAL PROGRAM 

The e f f e c t i v e n e s s  o f  t h e  LBNP p rocedure  as a thera- 
p e u t i c  d e v i c e  t o  overcome t h e  stresses o f  w e i g h t l e s s n e s s  c o u l d  
b e  e v a l u a t e d  by a s l i g h t  v a r i a t i o n  of M051, as i n d i c a t e d  on 
page 8.  
( p r e f e r a b l y  from exper iments  on A A P  1, 2 m i s s i o n )  whe the r  a 
human c e n t r i f u g e  i s  needed for l o n g - d u r a t i o n  f l i g h t ,  s i n c e  
t h e  hardware takes a l o n g  t i m e  t o  d e v e l o p .  

It i s  i m p o r t a n t  t o  know e a r l y  i n  t h e  AAP program 

V .  CONCLUSIONS 

A .  Table I shows t h a t  i n c o r p o r a t i o n  of  ~ 0 1 8  (Vec- 
t o r c a r d i o g r a m )  i n t o  t h e  MO5O ( M e t a b o l i c  C o s t s )  expe r imen t  and 
t h e  accompanying r e d u c t i o n  i n  f r equency  o f  VCG measurements 
w i l l  s a v e  a b o u t  35% o f  t h e  t o t a l  m e d i c a l  e x p e r i m e n t  t i m e  
o r i g i n a l l y  r e q u e s t e d .  I n  t h e  absence  o f  any j u s t i f i c a t i o n  
b y  t h e  P I  o f  ~ 0 1 8  f o r  h i s  r e q u e s t  t h a t  i t  be done d a i l y ,  and 
b e c a u s e  of  o u r  i n t u i t i o n  t h a t  any changes which might o c c u r  
i n  h e a r t  f u n c t i o n  d u r i n g  space  f l i g h t  w i l l  d eve lop  s l o w l y ,  
t h i s  r e d u c t i o n  o f  t ime devoted t o  ~ 0 1 8  i s  n o t  s e r i o u s .  

B .  A d j u s t i n g  t h e  s c h e d u l i n g  of e x i s t i n g  expe r imen t s  
c a n  s a v e  abou t  7% o f  t h e  time o r i g i n a l l y  r e q u e s t e d .  

C .  Two-man t i m e ,  which i s  a t  a premium, i s  r educed  
b y  o v e r  4 0  h o u r s ,  or abou t  20% o f  t h e  o r i g i n a l l y  r e q u e s t e d  
t i m e  b y  c o n v e r t i n g  a l l  p a r t s  o f  M O 5 O  t o  a one-man expe r imen t .  
A t  t h i s  t i m e  i t  i s  n o t  c e r t a i n  t h a t  a s i n g l e  man can  do par t s  
B and  C of t h e  exper iment  a t  t h e  b e g i n n i n g  o f  t h e  f l i g h t ,  b u t  
w i t h  e x p e r i e n c e ,  i t  might  be f e a s i b l e .  

D .  If a l l  of  t h e  e f f i c i e n c i e s  he re  cou ld  b e  r ea l -  
i z e d  i n  p r a c t i c e ,  t h e  t o t a l  number o f  man-hours devo ted  t o  
m e d i c a l  expe r imen t s  would be r educed  b y  a f a c t o r  of  two and 
v a l u a b l e  two-man t i m e  would b e  r educed  b y  7 0 %  of  t h e  o r i g i n -  
a l l y  r e q u e s t e d  t i m e .  

We have  summarized t h e  approved  med ica l  expe r imen t s  
f o r  t h e  A A P  program, s t a t i n g  t h e i r  o b j e c t i v e s  and r a t i o n a l e  
a n d  emphas iz ing  t h e  t ime r e q u i r e d  f o r  t h e i r  per formance .  Using 
t h e  most r e c e n t  d e t a i l e d  t i m e - l i n e s  from t h e  Experiment  Imple- 
m e n t a t i o n  P l a n s  ( forms  1347), w e  have t h e n  shown t o  what ex- 
t e n t  t h e  expe r imen t s  can  be made more e f f i c i e n t  i n  e x e c u t i o n  
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t ime. I t  i s  e s s e n t i a l  that  any r e a l i s t i c  e v a l u a t i o n  o f  t i m e -  
l i n e s  b e  based on repeated walk- throughs t o  d e t e r m i n e  commonal- 
i t y  of  p r o c e d u r e s  and t e c h n i q u e s .  T h i s  t y p e  of a n a l y s i s  i s  
e s s e n t i a l  t o  t h e  p l a n n i n g  of  a s u c c e s s f u l  f l i g h t  program and 
s h o u l d  b e  done on t h e  ATM expe r imen t s  as w e l l  b e f o r e  d e t a i l e d  
a s t r o n a u t  s c h e d u l e s  are worked o u t  f o r  t h e  A A P  3,  4 m i s s i o n .  
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